Verapamil: a novel probe of surfactant secretion from rat type II pneumocytes.
Surfactant from type II pneumocytes prevents the alveolar atelectasis found in both the neonatal and adult forms of respiratory distress syndrome. We have found that verapamil, a phenylalkene with calcium channel and alpha 1-receptor binding properties, has a multiphasic concentration effect on surfactant secretion from [3H]choline-labeled rat type II pneumocytes in culture. Verapamil (10(-8) M) caused a 24% stimulation of surfactant secretion, whereas an 8% inhibition was found at 10(-6) M and a 70% stimulation was found at 10(-4) M. Lactate dehydrogenase release occurred at 5 x 10(-4) M verapamil. Verapamil (10(-4) M) also produced a 100% increase in adenosine 3',5'-cyclic monophosphate (cAMP) in comparison with concentrations of less than or equal to 10(-6) M, an effect that could not be blocked by propranolol (10(-4) M). Verapamil (10(-6) M) increased the total formation of inositol phosphates (IP) by 23% in comparison with IP formation in control cells. Calcium influx was inhibited 15% by 10(-8) M verapamil and 37% by 10(-4) M verapamil. Calcium efflux was stimulated 44% by 10(-5) M verapamil. In combination with 50% effective concentrations (EC50) of terbutaline, phorbol ester, and ATP, the respective effects of verapamil (10(-4) M) on surfactant secretion were approximately additive. We conclude that verapamil has a novel multiphasic concentration effect on surfactant secretion, which appears to involve several signal transduction pathways including cAMP formation, IP formation, inhibition of calcium influx, and stimulation of calcium efflux.